Takayasu arteritis: clinical characteristics and the role of genetic factors in its pathogenesis
Takayasu arteritis (TA) is a chronic arteritis, involving mainly the aorta and its main branches, as well as the coronary and pulmonary arteries, the cause of which is still unclear. This clinical condition was reported in 1905 by Dr Mikito Takayasu at the annual meeting of the Japan Ophthalmology Society in Fukuoka. The case of a 21-yearold woman was presented who exhibited interesting optic fundal appearances characterized by a circular anastomosis of retinal vessels ( Figure I) . The abstract of the case presentation was published in 1908 in Japanese. 1.2 At this meeting, K Onishi and T Kagoshima corroborated the case of Takayasu's presentation with their own cases with the same characteristic retinal appearances. Furthermore, both mentioned that the pulse of their cases could not be palpated in either the radial artery (the case of K Onishi) or in the left radial artery (Dr Kagoshima).
Soon after, many cases were reported in Japan, among which K Ohta reported the first autopsy case of a 25-yearold female, making it clear that the condition was caused by a vasculitis involving the aorta and its main branches. He concluded that TA is panvasculitis involving the whole vessel and that the changes in the retina resulted from occlusion of the carotid artery.'
The 3rd Department of Internal Medicine, Tokyo Medical and Dental University, Japan This disease became known in other countries as the 'pulseless disease', so named by K Shimizu and K Sano in their paper summarizing its clinical characteristics in English." They mentioned pulselessness, circular anastomosis of retinal vessels, hypersensitivity of the carotid sinus as features of Takayasu arteritis.
Clinical data accumulated to date have demonstrated several pathological, clinical and epidemiological characteristics of the condition. Young females are the principal sufferers of TA. TA patients have frequently been encountered in Asian and/or South American countries, but few in Western countries.' Even though more than 90 years have passed since the first report by Dr Takayasu, our understanding of the etiology of the disease is far from complete.
A possible genetic factor in the etiology of Takayasu arteritis
In 1972, a l3-year-old girl was hospitalized in our clinic, complaining of general malaise and presenting with pulselessness in her radial arteries. Clinical examination revealed she was suffering from TA. She was a monozygotic twin and, 3 years later, the twin sibling visited our clinic complaining of neck pain. Angiography demonstrated a diffusely thickened thoracic aorta, narrowed left common carotid artery and stenosis at the orifice of the right common carotid artery." There were two elder sisters and one brother who were free from the condition. All children were born and raised in the same house and general environment. Why did these twin sisters suffer from the disease while the other siblings were not affected? This question became the motive for our searching for hereditary factors in the etiology of TA. 7 To this end, the first analysis of the A, B, C and D loci of HLA antigen was performed in 75 TA patients and compared with those of 128 healthy Japanese as controls. A statistically significant high frequency of B52 and Dwl2 was confirmed with the levels being 25.6 and 10.4, respectively in the X 2 test. Thus, a haplotype of A24-B52-DwI2, which is common in the Japanese, was statistically frequently encountered in TA patients," Table I summarizes 21 cases of familial TA reported in Japan up to 1995. Including our own case, three cases of monozygotic twin sisters had been reported. Four cases were confirmed as the progeny of consanguineous mar-riage. Among these 21 families, HLA analysis was performed in 38 patients of 20 cases. It should be noted that the B52 antigen was found in 29 cases (including two cases of monozygotic twins, 27/35 = 77%), which is a much higher percentage than that encountered in population studies. ' These data suggest that some genetic factor(s) associated with this haplotype may play an important role in the aetiology and subsequent development of TA.
Recent molecular and genetic analysis of HLA class II polymorphism in patients with TA, using a polymerase chain reaction/sequence-specific oligonucleotide probe, clearly revealed several alleles, some of which showed a statistically significant high frequency, while other alleles showed a statistically significant low frequency compared with healthy controls."
As shown in Figure 2 , the former allele group is closely associated with B-52 and the latter with B-54. These data led us to the hypothesis that genetic factors confer either susceptibility or resistance to TA. Interestingly, the B-54 gene has been focused on as a possible genetic determinant of Buerger's disease, on which further studies have been continuing.'? HLA class II molecules having particular amino acids at a particular position were found to be associated with insulin-dependent diabetes and rheumatoid arteritis. However, we could find no particular epitope or amino acid residues primarily associated with TA.
Parallel to these analyses of HLA class II molecules, DNA typing of the HLA-B gene in TAwas studied. As shown in Table 2 , HLA-B52 is again confirmed to occur with statistically high frequency in patients with Takayasu arteritis, compared with controls. Furthermore, comparison between Band D loci suggests a Takayasu gene could be located nearer to the B locus than to the D locus" (Table 3) .
However, the nucleotide sequence of HLA-B52 from a patient was identical to that from a control, suggesting that there are no disease-specific changes in the HLA-B52 sequence. On the other hand, a unique hybridization pattern of the HLA-B gene was found in TA patients. They were typed serologically and found to have HLA-39. However, the reaction pattern was different from that of HLA-39 in the controls, suggesting that these patients possessed a subtype of the HLA-B39 antigen (B39-2). This was different from B39 (B39-1) by three nucleotides and by two amino acids in the region analysed ( Figure 3 ). This subtype showed a strong association with the disease (6.3% vs 0%, RR=20.9, p<O.05).12
HLA and aortic regurgitation
Cerebral vascular accident (CVA) was once the most severe complication of TA in Japan, of which many patients died. Nowadays, the main cause of death is congestive heart failure due to aortic regurgitation (AR) (Figure 4 ). In fact, in our clinic, 256 TA patients have also suffered from AR, 14 of whom have died in the past 20 years. Details of these 14, including eight who died of congestive heart failure and/or sudden death due to arrhythmia are included in Table 4 . 7 It should be noted that these eight patients suffered from AR and carried HLA-B52. Only two patients died of CVA or rupture of the aorta due to hypertension. Our group reported 53-67% of patients with regurgitated flow at the aortic valve, as demonstrated by pulse wave Doppler or colour Doppler echocardiography.':':!" AR in TA is caused by dilatation of the root of the ascending aorta. This has been confirmed by Hata and Numano.!' Twenty of their 41 patients (48%) showed dilatation of the ascending aorta, and all were found to be suffering from AR by cine magnetic resonance imaging ( Figure 5 ). Furthermore, 14 (70%) of these AR patients were found to carry HLA-B52. 15 Kasuya et al, comparing left ventricular function in patients with and without HLA-B52 using thallium-201 stress myocardial scintigraphy and echocardiography, found that patients with B52 recorded more thickened interventricular septal walls, left ventricular posterior thickness and larger left ventricular mass compared with those without B52. 16 Scintigraphy also demonstrated a higher frequency of perfusion abnormality in patients with B52.
All these data suggest that a genetic factor linked to disequilibrium with B52 may cause or accelerate vasculitis, inducing destruction of the aortic wall. Vasculitis with hypertension results in dilatation of the aorta and concomitant aortic regurgitation. In fact, Moriwaki and Numano'? reported that patients with B52 need higher therapeutic doses of steroid s for a longer duration than patients without B52. However, the main characteristic features of TA encountered in Japan have recently been found not always to coincide with those in patients of other national ities. Type III: involving both the thoracic and the abdominal aortae Type IV: involving the abdominal aorta Type V: involving the entire aorta with branches In addition, the involvement of pulmonary (P), coronary (C) and/or renal arteries is indicated by P{+), C(+) and R(+), respectively. Table 5 and Figure 8 compare complications and angiograms classified by the new criteria between 102 Japanese and 80 Indian patients." Statistically significant high frequencies of type I and type IIa were recorded in Japanese patients compared with Indians. On the other hand, 28% of arteries. Most Korean and Indian patients presented with complaints suggesting a higher frequency of lesions in the abdominal aorta, with involvement of renal arteries leading to renovascular hypertension."
Comparison of angiograms demonstrated that Japanese patients frequently showed involvement of the aortic branches (type I by Nasu's classification) and of the ascending aorta and aortic arch with their branches (type 11), and, in a very few cases, limited involvement of the abdominal aorta (type III). In contrast, both Indian and Korean patients exhibited involvement of the abdominal aorta rather more frequently than the Japanese (p<O.OI) ( Figure 6 ). Furthermore, a large number of cases demonstrated involvement of the thoracic and abdominal aortae, suggesting progression of vasculitis from the abdominal aorta to the thoracic aorta.
These findings led us to develop new criteria in order to compare the type of TA involvement among Asian and South American countries. In 1994, at the International Conference on Takayasu arteritis in Tokyo, we decided on the following new criteria (detailed diagrammatically in Figure 7 ): Type I: involving primarily branches from the aortic arch Type IIa: involving the ascending aorta and aortic arch with branches Type lIb: IIa + involvement of the thoracic aorta the Indians showed type IV on angiography ( Figure 6 ) and, in contrast, only 1.3% of Japanese exhibited limited involvement of the abdominal aorta. It should also be noted that type III was found in 3% of Indian patients and none in the Japanese patients. Coinciding with these angiographic findings, AR was found complicating TA in more Japanese patients than Indian patients, while, in tum, hypertension and retinopathy were found more frequently in Indians. These differences will be analysed more precisely in relation to HLA-B52 and -39 in a future paper." Investigation in South American countries will be particularly interesting because this population shows a high frequency of B-39.
Summary
Takayasu arteritis is a chronic vasculitis, the aetiology of which is still unknown. Several characteristic clinical manifestations have led scientists to consider the possibility of the genetic factors in the aetiology, conjecture which is supported by HLA analysis. Recent attention has focused on the different clinical manifestations among Asian and South American countries and further progress is likely to stem from international network studies.
